stillbirths are delivered preterm-approximately 80% in the United States. 8 The extent to which these similarities in risk factors hold among stillborn and live-born deliveries at 20 to 25 weeks' gestation is uncertain. To fully understand delivery at periviable gestation, it is important to understand risk factors for stillbirth during this time window, and whether they are similar to risk factors for live birth. In general, there is a paucity of information about risk factors for stillbirth at periviable gestational age, and minimal attention is given to the proportion of deliveries at periviable gestational age that are stillbirths. The objective of this study was to compare the prevalence of and risk factors for stillbirth and live birth at periviable gestational age (i.e., 20 0/7 -25 6/7 weeks' gestation), within a cohort of almost 2.5 million singleton births in California. We aimed to determine whether prevalence differs by raceethnicity given the increased risk of stillbirth and early preterm delivery among blacks relative to whites.
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Methods
We examined deliveries that occurred in California from 2007 to 2011 at 310 hospitals. Data were derived from vital records, using files prepared by the California Office of Statewide Hospital Planning and Development that contain data from fetal death certificates, and linked data from live birth and infant death certificates. For California vital records, the definition of stillbirth is a fetal death delivered at 20 weeks' gestation; all deliveries meeting this definition receive a fetal death certificate. Gestational age at delivery was derived from vital records and based on best obstetric estimates. Analyses included births to mothers who were non-Hispanic white, non-Hispanic black, Hispanic, or Asian; we excluded mothers who had other or missing race-ethnicity because some analyses focused on racial-ethnic differences. We excluded (1) infants who were nonsingletons, given that periviable delivery in that circumstance may have unique etiologies and (2) infants with gestational age <20 or >41 weeks' gestation (i.e., >41 6/7 weeks), and (3) infants with implausible birth weight for gestational age based on previously published criteria. 11 After these exclusions, our sample included 2,487,468 deliveries at 20 to 41 weeks' gestation (11,141 of which were stillbirths). There were 10,888 periviable births: 4,610 stillbirths, and 6,278 live births delivered at 20 to 25 weeks' gestation (i.e., 20 0/7 -25 6/7 weeks).
Analyses
First, we conducted analyses to describe the percentage of deliveries at 20 to 25 weeks' gestation that had the following outcomes: stillbirth, live birth, live birth who died <24 hours after delivery, live birth who died 24 hours after delivery (up to 1 year), and live birth who survived the first year. We analyzed live births separately depending on whether they did or did not live beyond the first 24 hours of life, given potential misclassification between these early infant and fetal deaths. We also examined the prevalence of each of these outcomes; for prevalence calculations, the denominator was all eligible deliveries that were stillborn or live born at 20 to 41 weeks' gestation. These analyses were conducted separately for each racial-ethnic group and for 2-week gestational time windows. For each outcome, we estimated racial-ethnic prevalence ratios (PRs) and their 95% confidence intervals (CIs), with non-Hispanic whites as the reference. Second, we examined the association of selected risk factors with each of the specified outcomes at 20 to 25 weeks' gestation. The comparison group for these analyses was live births delivered at term (37-41 weeks' gestation). These "term controls" represent the optimal outcome for all infants and include the vast majority of deliveries. This approach avoids selection bias due to conditioning on a collider. We used multivariable logistic regression analysis to generate odds ratios (ORs) and 95% CIs for these comparisons. Risk factors included maternal race-ethnicity, education, payer status, nativity, age, height, pre-pregnancy body mass index (BMI), smoking status during the first trimester, pre-pregnancy diabetes or hypertension, parity and interpregnancy interval, prior preterm birth, and prior stillbirth. BMI was computed as pre-pregnancy weight (kg) divided by height (m) squared and categorized using published guidelines.
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The variables were based on data reported in vital records. Models included 3,545 stillbirths (77%) and 5,043 live births (80%) delivered at 20 to 25 weeks' gestation, and 2,048,890 term live births for comparison, who had complete data on covariates. As sensitivity analyses, we conducted logistic regression analyses that restricted the cases to deliveries at 22 to 25 weeks' gestation, to facilitate comparison with other studies of stillbirths that may be restricted to this more narrow gestational age range.
Results ►Table 1 shows the distribution of maternal characteristics among all deliveries, as well as among stillbirths and live births delivered at 20 to 25 weeks' gestation. A majority of births were to Hispanic and multiparous mothers, 26% of mothers had less than a high school education, and 48% had California state public insurance (Medi-Cal). A description of characteristics of subgroups of live births born at 20 to 25 weeks' gestation that were based on whether or not they survived the first year postdelivery is provided in ►Supplementary Table 1 , available in the online version. The prevalence of delivery at periviable gestations was 3.4 per 1,000 deliveries among whites, 10.9 for blacks, 3.5 for Asians, and 4.4 for Hispanics (►Table 2). The black-white PR for having a stillbirth at 20 to 25 weeks was 2.5 (95% CI: 2.2, 2.7); for live birth, it was 4.0 (95% CI: 3.7, 4.3), and similarly elevated for the subcategories of live birth (►Table 2). Prevalences among Asians were similar to those among whites (PRs from 0.9 to 1.2). Prevalences for Hispanics were similar to those among whites for stillbirth (PR 1.1) and modestly elevated for live birth (PRs from 1.5 to 1.6). This pattern of results was similar within the 2-week gestational time periods.
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(2,699) were live births who survived at least 1 year. The percentage of deliveries at 20 to 25 weeks' gestation that were stillbirths was highest for whites, 49%, versus 37% for blacks, 44% for Asians, and 41% for Hispanics (►Table 2, ►Fig. 1). However, the percentage of deliveries that were live births who died within 24 hours after delivery was lowest for whites, 20%, versus 24% for blacks and 23% for Asians and Hispanics. When examining 2-week gestational age intervals, the percentage of deliveries that were stillborn was highest at 20 to 21 weeks (72, 61, 65, and 66% for whites, blacks, Asians, and Hispanics, respectively) and lowest for deliveries at 24 to 25 weeks (25, 19, 27, and 19%, respectively). Less than 1% of infants delivered at 20 to 21 weeks survived to 1 year of age, whereas a majority of infants delivered at 24 to 25 weeks survived. We examined the potential associations of maternal characteristics with risk of stillbirth and live birth at 20 to 25 weeks' gestation, relative to having a liveborn delivery at term (i.e., 37-41 weeks' gestation), after adjustment for covariates (►Table 3). When compared with non-Hispanic whites, elevated odds for stillbirth and live birth at 20 to 25 weeks' gestation were observed for blacks (OR: 2.0 for stillbirth and 3.4 for live birth), Asians (ORs: 1.3 and 1.7), and Hispanics (ORs: 1.1 and 1.5). Lower education, uninsured status, being U.S. born, older age, obesity, smoking, prepregnancy hypertension, nulliparity, extremes of interpregnancy interval, and prior preterm birth or stillbirth were all associated with increased risk of both stillbirth and live birth at 20 to 25 weeks' gestation. The magnitudes of the ORs were similar for both outcomes for most variables, with some exceptions. In concordance with unadjusted results reported earlier, racial-ethnic disparities were stronger for live birth than stillbirth. In addition, ORs were higher for live birth than stillbirth for nulliparity (2.6 vs. 1.9) and prior preterm birth (9.0 vs. 3.9), whereas the ORs were lower for live birth than stillbirth for prior stillbirth (3.3 vs. 7.7) and pre-pregnancy hypertension (1.8 vs. 2.7). These patterns of results were similar for the survival-based subgroups of live-born cases (►Supplementary Table 2 , available in the online version). They were also very similar for analyses that were restricted to cases that occurred at 22 to 25 weeks' gestation (data not shown).
Discussion
In this cohort of California births delivered at periviable gestational age (20-25 weeks), a substantial proportion were stillbirths-close to two-thirds of deliveries at 20 to 21 weeks and approximately one-fifth of deliveries at 24 to 25 weeks. Risk factor associations for stillbirth and live birth during this early time window were similar, which supports the concept that at least some aspects of the underlying etiologies of both outcomes may be similar. Stillbirth and live birth are not typically included in the same studies, and The black-white disparity in the occurrence of delivery at periviable gestation was strong, with a 4.2-fold increased risk of live birth and 2.5-fold increased risk of stillbirth among blacks. Disparities were also observed for Asians and Hispanics, but they were much more modest. The disparities remained after adjustment for a variety of maternal characteristics. The few prior studies that have examined racialethnic disparities in the prevalence of early stillbirth tend to agree with our findings for blacks and Hispanics but have not included Asians. 17 In addition, we observed that a greater proportion of deliveries at 20 to 25 weeks were live births than stillbirths among nonwhites, whereas proportions were similar among whites, which agrees with a recent investigation of U.S. births. 17 Extensive efforts have been aimed at understanding the black-white disparity in live-born preterm delivery, with minimal progress; fewer studies have examined contributors to disparities in stillbirth. 15, 18 Given that the black-white disparity is so strong at these earliest gestational age, 14,19 studies focusing on this time period may be particularly important to advancing our understanding of it. The distribution of outcomes among the studied deliveries (i.e., stillbirth and live birth according to survival) also varied by race-ethnicity. This finding could derive from differences in underlying etiologic factors by race-ethnicity. Hospitallevel variability in intervention and reporting practices related to periviable births may also contribute, 5, 20, 21 given that delivery hospital tends to vary nonrandomly by raceethnicity. In addition, variability in intervention and reporting practices by race-ethnicity itself may contribute to observed disparities. Institutional assessments of newborn and obstetric quality of care do not typically include stillbirths in their denominator. This omission could introduce bias on performance evaluations related to newborn outcomes as well as disparities. Further investigation into such factors is important but beyond the scope of the current analysis. Strengths of our study include its population-based design and large size. The generalizability of our findings beyond California is uncertain, but likely enhanced by the fact that one in eight U.S. births occurs in California, and the diversity of the cohort with respect to race-ethnicity and socioeconomic status. Generalizability to women with missing data are also uncertain; however, given that the percentage of women with any missing data was similar for those with an early stillbirth (23%) or live birth (20%), we do not expect that missing data compromised the internal validity of our results. Our list of studied risk factors is by no means exhaustive, and more detailed studies are needed for us to better understand causes, and how to prevent delivery at periviable gestational age. Our intent was to illustrate whether these available risk factors had similar associations with early stillbirth and early live birth. Analyses included data on deliveries from 2007 to 2011 because vital records were revised in 2007 (e.g., the obstetric estimate for gestational age at delivery and maternal weight and height were first included then), and 2011 was the most recent year available to us. It would be helpful to be able to report more recent data years, especially since survival of infants born at the studied gestational age has been increasing over time, 22 but we expect that the general patterns of associations that we observed would likely persist in more recent years. A potential limitation of the stillbirth data are that while the gestational age at delivery is known, the gestational age of the in utero demise is not; the potential impact of this lag time on our results is unknown. In addition, we did not incorporate data about reported cause of the stillbirths because a specific cause was not available for most cases. However, at these early gestational ages, causes may be more homogeneous than if stillbirths at all gestational age were included. We did not exclude infants based on the presence of congenital anomalies given that their reporting in vital records is incomplete and likely to vary for live births versus stillbirths. We focused on deliveries at 20 to 25 weeks given that 20 weeks is the minimal gestational age at which stillbirths are recorded, and it concurs with the definition of periviable birth that is often used in the United States. 1 As expected, the viability of deliveries at 20 to 21 weeks is low (less than 1% survived infancy), but we considered their inclusion to be important since in the United States, they are recorded. Our reporting of results that restricted the cases to later gestational age windows (i.e., 22-25 weeks) and 2-week time periods should facilitate comparison with other studies that restricted their cases to narrower gestational age ranges. Finally, we were unable to obtain placental pathology data, autopsy data, genetic data, or infectious workup data from the stillbirths. Prior studies by the Stillbirth Collaborative Research Network have highlighted the importance of a comprehensive evaluation of all stillbirths and we hope that future studies incorporate this type of information when possible.
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In conclusion, our results suggest that some aspects of the etiologies of stillbirth and live birth at periviable gestational age may overlap. Given this finding, the substantial proportion of deliveries that are stillborn during this gestational window, inclusion of stillbirths, as well as live births in ongoing studies of periviable gestations is important if we are to understand the true burden of delivery during this time period and its etiology. In addition, studies focused on deliveries at these earliest gestational age will further the understanding of racial-ethnic disparities in perinatal outcomes, given how strong they are during this time window. Investigators have previously advocated for more "enlightened" datasets 15 and a more "united front" 16 with regard to more frequent inclusion of stillbirths in studies of perinatal outcomes; our findings suggest that this message is particularly important for understanding delivery at periviable gestational age. 
